The rat L5/6 facet joint is multisegmentally innervated from the L1 to L6 dorsal root ganglia (DRG). Tumor necrosis factor (TNF) is a known mediator of inflammation. It has been reported that satellite cells are activated, produce TNF and surround DRG neurons innervating L5/6 facet joints after facet injury. In the current study, changes in TNF receptor (p55) expression in DRG neurons innervating the L5/6 facet joint following facet joint injury were investigated in rats using a retrograde neurotransport method followed by immunohistochemistry. Twenty rats were used for this study. Two crystals of Fluorogold (FG; neurotracer) were applied into the L5/6 facet joint. Seven days after surgery, the dorsal portion of the capsule was cut in the injured group (injured group n = 10). No injury was performed in the non-injured group (n = 10). Fourteen days after the first application of FG, bilateral DRGs from T13 to L6 levels were resected and sectioned. They were subsequently processed for p55 immunohistochemistry. The number of FG labeled neurons and number of FG labeled p55-immunoreactive (IR) neurons were counted. FG labeled DRG neurons innervating the L5/6 facet joint were distributed from ipsilateral L1 to L6 levels. Of FG labeled neurons, the ratio of DRG neurons immunoreactive for p55 in the injured group (50%) was significantly higher than that in the non-injured group (13%). The ratio of p55-IR neurons of FG labeled DRG neurons was significantly higher in total L1 and L2 DRGs than that in total L3, 4, 5 and 6 DRGs in the injured group (L1 and 2 DRG, 67%; L3, 4, 5 and 6 DRG, 37%, percentages of the total number of p55-IR neurons at L1 and L2 level or L3-6 level/the total number of FG-labeled neurons at L1 and L2 level or L3-6 level). These data suggest that up-regulation of p55 in DRG neurons may be involved in the sensory transmission from facet joint injury. Regulation of p55 in DRG neurons innervating the facet joint was different between upper DRG innervated via the paravertebral sympathetic trunks and lower DRG innervated via other direct routes.
Introduction
Many studies have reported the lumbar facet joints as a possible source of lower back pain in animals and humans [5, 10, 25] . Morphologically, the joint capsule is well innervated, receiving a nerve supply from the medial branches of the dorsal rami. The human L4/5 facet joint capsule is innervated by the medial branches of the dorsal rami from the L3 to L4 spinal nerves [2, 3] . The rat L5/6 facet joint is reported to be multisegmentally innervated by DRGs from L1 to L5 and nerve fibers from L1 to L2 DRGs pass through the paravertebral sympathetic trunks [11, 14, 15, 21, 22] .
Proinflammatory cytokines such as tumor necrosis factor alpha (TNF) are well known mediators of the peripheral inflammatory response in animals and humans [1, 4, 9, 12] . In peripheral nerve injury, TNF expression is upregulated in endoneurial macrophages and Schwann cells in rats [23, 24] . There are two types of TNF receptors in humans and other vertebrates termed p55 and p75. The p55 receptor is responsible for mediating most of the cytodestructive actions of TNF, including apoptosis, cytokine production, pain transmission, and induction of a number of gene products [20] . The presence of TNF and p55 TNF receptor in satellite cells and neurons of the DRG in rats and mice following sciatic nerve injury has been reported [17, 18] . We have previously reported that glial fibrillary acidic protein immunoreactive satellite cells emerge and surround DRG neurons innervating the L5/6 facet joints after injury. These satellite cells are TNF immunoreactive [11] . However, TNF receptor expression in DRG neurons innervating the facet joints has not been investigated.
The aim of the current study is to examine changes in p55 TNF receptor expression in DRG neurons innervating the L5/6 facet joint before and after facet joint injury. The L1 and L2 DRG neurons innervating the L5/6 facet joint through sympathetic trunks and the L3, L4 and L5 DRG neurons innervating the L5/6 facet joint via other routes are discussed separately.
Materials and methods

Retrograde FG labeling
Twenty male Sprague-Dawley (SD) rats weighing 250-300 g were used. The protocols for animal procedures in these experiments followed the 1996 revision of the National Institutes of Health guidelines for the care and use of laboratory animals and received approval from the ethics committees of our institutions.
Rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) and treated aseptically throughout the experiments. A midline dorsal longitudinal incision was made over the lumbar spine. The left L5/6 facet joint capsule was exposed. A 26-gauge needle whose tip was filled with two fluoro-gold crystals (FG; Fluorochrome, Denver, CO, USA) was advanced into the facet joint. The hole was immediately sealed with cyanoacrylate to prevent leakage of the FG. The fascia and skin were then closed.
Seven days after the application of FG, the rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) again, and the dorsal portion of the capsule was cut for the injured group (injured group n = 10). Fourteen days after the first application of FG, all 20 rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) again, and perfused transcardially with 500 ml of 4% paraformaldehyde in phosphate buffer (0.1 M, pH 7.4) (non-injured group, n = 10; injured group, n = 10). Bilateral DRGs from T13 to L6 levels were resected. The specimens were immersed in the same fixative solution overnight at 4°C. After storing in 0.01 M phosphate buffered saline (PBS) containing 20% sucrose for 20 h at 4°C, each DRG was sectioned at 10 lm thickness on a cryostat, and mounted on poly-L-lysine-coated slides.
Immunohistochemistry for p55 TNF receptor
The specimens were treated for 90 min in blocking solution, 0.01 M PBS containing 0.3% Triton X-100 and 3% skim milk, at room temperature. They were processed for p55 TNF receptor (p55) immunohistochemistry using a goat antibody to p55 receptor (1:1,000; R&D systems) for 20 h at 4°C, followed by incubation with biotinylated donkey anti-goat IgG (Vector Labs, Burlingame, CA, USA; 1:200 in blocking solution). Reactions were visualized with an Alexa 488 fluorescent antibody conjugate (1:400; Molecular Probes Inc., Eugene, OR, USA).
After each step, the sections were rinsed in 0.01 M PBS three times. The sections were observed with a fluorescence microscope. The number of FG labeled neurons, and that of FG labeled p55-immunoreactive (IR) neurons were counted. We counted the number of FG labeled neurons, and that of FG labeled p55-immunoreactive (IR) neurons in all serial sections and then averaged these numbers for each animal. Split neurons were counted as a single FG positive neuron. This procedure was performed in a blinded manner.
Statistical analysis
The data were compared using non-paired Student's t test. A P value of less than 0.05 was considered statistically significant.
Results
FG labeled neurons innervating the L5/6 facet joints FG labeled DRG neurons innervating the L5/6 facet joint were distributed from ipsilateral L1 to L6 levels in noninjured and injured groups (Table 1; Fig. 1 ). No labeled neurons were observed in the bilateral T13 DRGs or in the contralateral DRGs from L1 to L6. Of the FG-labeled neurons, 63 and 62% were seen in the L3, L4 and L5 DRGs in the non-injured and injured group, respectively, while the remaining 37 and 38% were present in the L1 and L2. There was no significant difference in the number of FGlabeled neurons between non-injured and injured groups (P > 0.05). The numbers of FG labeled neurons in L2 DRGs were significantly higher than those of L1, L3, L4, L5, and L6 DRGs in both groups (P < 0.05) (Fig. 1). p55 TNF receptor expression in DRG neurons innervating the facet joint before and after facet capsule injury p55-IR cells were observed in both non-injured and injured groups. Immunoreactivity was observed only in neurons. p55-IR satellite cells were not seen in the current study. Of FG labeled neurons, the percentage of p55-IR neurons in the injured group was 50%. Of FG labeled neurons, the percentage of p55-IR neurons in the non-injured group was 13%. The percentage in the injured group was significantly higher than that in the non-injured group (Figs. 2, 3 ). The number of p55-IR neurons was significantly higher in L1 and 2 DRG than those in L3, 4, 5 and 6 DRG in the injured group (L1 and 2 DRG, 67%; L3, 4, 5 and 6 DRG, 37%: 67% is the percentage of the total number of p55-IR neurons in L1 and L2 level/the number of total FG-labeled neurons at L1 and L2 level. 37% is the percentage of the total number of p55-IR neurons from L3 to L6 level/the number of total FG-labeled neurons from L3 to L6 level) (Fig. 3) .
Discussion
It has been reported that the rat L5/6 facet joint is innervated by DRGs from L1 to L6 levels via two pathways in rats. One is innervation from corresponding and adjacent segments and the other is from distant segments. In the latter type of innervation, sensory nerve fibers enter the paravertebral sympathetic trunks and reach L1 or L2 DRGs [11, 14, 15, 21, 22] . We did not examine this pathway in the current study; however, the results here do demonstrate that the rat L5/6 facet joint is innervated by ipsilateral DRGs from L1 to L6.
In the current study, a few p55 TNF receptor-expressing cells were observed in non-injured neurons; however, the number of p55 TNF immunoreactive FG labeled neurons innervating the facet joint was significantly increased after injury. p55 TNF receptor expression in DRG neurons innervating the facet joint was more frequently seen in upper DRGs rather than lower DRGs. It has been reported that satellite cell activation in the DRG resulting from peripheral nerve injury produces hyperalgesia and allodynia in rats [7, 17, 26] . This activation is thought to be involved in the pathogenesis of neuropathic pain. TNF produced at nerve injury sites is axonally transported to DRG neurons where it correlates with the expression of p55 TNF receptor, which does not usually exist in the DRG neurons in rats. This may activate central cytokines in the pathogenesis of painful neuropathy in rats [18, 19] . This model does have precedent as sciatic nerve injury produces neuropathic pain, and TNF immunoreactive satellite cells were found to surround neurons expressing the TNF p55 receptors in mice [17] . It has been reported that in DRG neurons innervating the lumbar facet joints in rats, TNF-immunoreactive satellite cells activate and surround neurons innervating L5/6 facet joints after facet joint injury [11] .
In the current study, there were two possible mechanisms of p55 TNF receptor upregulation in DRG neurons after facet joint injury. Facet joint capsule injury activates satellite cells in DRG, and the satellite cells produce TNF. Subsequently, satellite cells influence DRG neurons via the TNF and p55 TNF receptor pathway. The other is that TNF is up regulated by macrophages and other cells in the facet joint after injury. This TNF is then axonally transported to DRG neurons. Exposure of DRG neurons to TNF influences the production of p55 TNF receptors and through signal transduction pathways may increase signal intensity from the facet joint.
We have previously reported that activated satellite cells around DRG neurons innervating facet joints were co-labeled with TNF in rats. TNF expression in satellite cells around neurons innervating the facet joint was observed more frequently in upper DRGs compared to lower DRGs [11] . A B Fig. 1 Distribution of the average number of FG-labeled DRG neurons innervating L5/6 facet joints. These neurons were observed from L1 to L6 DRG. Error bars represent the SEM. The numbers of FG labeled neurons in L2 DRGs in both groups were significantly higher than those of L1, L3, L4, L5, and L6 DRGs in both groups (P < 0.05). a Non-injured group, b injured group The same section in the facet joint injury group. In the non-injured group, FG labeled neurons did not express p55 receptor. In the facet joint injury group, most FG labeled cells expressed the p55 receptor (arrows). Scale bar = 100 lm TNF induces substance P (SP) [6] , and SP and calcitonin gene-related peptide (CGRP) are well known to be associated with inflammatory pain in animals and humans [8] .
On the other hand, we have reported that DRG neurons innervating the rat facet joint are immunoreactive for SP and CGRP, and the ratios of the CGRP-IR L1 and L2 DRG neurons were significantly higher than L3, 4, and 5 DRGs in a model of facet joint inflammation [13, 16] .
Suseki et al. [21] have reported that some neurons innervating the facet joint in rats were surrounded by CGRP-immunoreactive varicose fibers in paravertebral sympathetic trunks in rats. They find that upper DRG neurons innervating the facet joint via paravertebral sympathetic trunks were influenced by CGRP-immunoreactive nerve fibers in the trunks. We hypothesize that upper DRG neurons and lower DRG neurons innervating the facet joint may have several different sensory functions.
Facet joint pain and injury is recognized in the clinic. However, a limitation in this study may exist, since this facet capsule injury model does not absolutely correspond to human facet joint pain or injury. The present study suggests that TNF is potentially one of the molecules involved in the change in sensory transmission of facet joint capsule injury. These current findings contribute information that may help to elucidate the mechanism of change in sensory neurons innervating the facet joint after facet capsule injury. 
